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SUMMARY

A sumary of force data on unswept and sweptback airplane control
gsurfaces is presented. Lift and hinge-moment characteristics were
determined for four unswept, semispan control surfaces, and 1lift, drag,
hinge moment, and pitching moment were determined for two semispan,
sweptback control surfaces. These control surfaces were tested in the
9-foot wind tunnel of the Daniel Guggenheim School of Aeronautics at
the Georgla Institute of Technology and were of the wide-chord type
suitable for use as elevators or rudders.

Measured values of the various parameters are compared with those
obtained from section data by spplication of lifting-surface and
1lifting-line theory.

[

INTRODUCTION

The datae presented herein are the reésults of two wind~tunnel
investigations in the Georgia Institute of Technology 9-foot wind
tunnel. These tests were conducted under the sponsorship and with the
finencial assistance of the National Advisory Commlttee for Aeronautics
as part of an extensive wind-tunnel investigation to determine the
aerodynemic characteristics of balanced control surfaces in order to
supply data for deslgn purposes. _ o

Force-test measurements were made in three-dimensional Fflow to
determine the aerodynamic characteristics of the following control-
gurface arrangements:
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(1) A series of tail models having NACA 0009, 66-009, 0015, and
66(215)-014 profiles, a sweep angle of 13.5° at the 25-percent-chord
line, a tail aspect ratio of 3.36, and a taper ratio of 0.4 with
various unswept trailing-edge flap configuretions. The flap configura-
tions tested included 30-percent-chord elliptic and sharp-nosed aero- .
dynamically balanced flaps and internsl-balance flaps, as well as some
30-percent-chord plain (radius-nose) flaps. The balanced flaps had a
nose baslance overhang of 35 percent of the local flap chord snd a
constant flap nose gap. Plain tabs and two sizes of unshielded horn
balances were tested with some of the models.

The NACA 66-009 and 66(215)-01k airfoil models were also constructed

without the cusp to give straight-contour flaps.

(2) A series of tail models having NACA 0009 or 9-percent-thick
circular-arc profiles, a sweep angle of L0° at the 25-percent-chord
line, a tail aspect ratio of 3.30, and a taper ratio of O.4 with
balanced and plain flaps which were swept back 30.7° at the hinge line,
The model flaps were 30 percent of the taill chord measured parallel to
the air stream and had a 35-percent-flap-chord overhang. The flap nose
gap was held constant for the various overhangs tested. Only one size
of shielded horn was tested in conjunction with the plain flap.

A more complete description of the models 1s given in the section
entitled "Apparatus, Models, and Tests,"

SYMBOLS
A aspect ratio (bz/s)
B horn balance coefficient \/Horn ares ‘X horn mean chord
Flap area X flap mean chord
b twlce span of semispan model, measured perpendicular to plane

of symmetry, feet

b twice span of semispan model flap, measured perpendiculsr to
plane of symmetry, feet '

airfoil drag coefficient (2D/gS)

AChb increment of hinge-moment coefficient contributed by internal
balance -



NACA TN 2495 3

Chf

ol

ct
b
cbp

Cp

£lap hinge-moment coefficlent (Hf /q'é'f2b f)
airfoil 1ift coefficient (2L/gS)

increment of 1ift coefficient due to deflection of flap

airfoil pitching-moment coefficient (2M/qST)

airfoill chord, megsured in free-stream plane, feet

b/2
Jf c2 db
0

mean aerodynamic chord, feet 772—-

c db
0

chord measured perpendicular to hinge axis, feet
chord of balance overhang, measured in free-stream plane, feet

root-mean~square chord of balance plate, feet

chord of flap at any section, measured in free-stream plane,
feet T

root-mean-square chord of flap, measured perpendicular to
hinge axis, feet

flep chord measured perpendicular to hinge axis, feet
flap sectlon hinge-moment coefficient (hflqcfﬁg

airfoil section 1ift coefficlent (1/qc)

measured total drag force, pounds

flep hinge moment, foot-pounds

flap section hinge moment, foot-pounds

measured total 1lift force, pounds
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gsection 1lift, pounds - e -

measured pitching moment about quarter chord of mean aero-
dynamic chord, foot-pounds

ratio of moment contributed by flexible seal to moment
contributed by balance plate - = -~ '

resultant pressure coefficlent

dynamic pressure, pounds per square foot .

Reynolds number (pVE/u)

twice area of semispan model, square feet

thickness of control surface at hinge

root-mean-square thickness of overhang, measured at—hinge line
velocity, feet per second -

model angle of attack, degrees

control-surface or tab deflection, meassured in plane
perpendicular to hinge axis, degrees

sweepback angle, measured at quarter-chord line, degrees

taper ratio (2}2_229£§;>

Root chord
coefficient of viscosity
mess density of air, slugs per cublc foot

trailing-edge angle, measured in plane perpendicular to hinge
axis, degrees :
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Cnp
86f

Ch8
Sf,at

(¢
=%
o
|
N >
ol @
w | B

or,,B.t
&
CL& = S&%
dc
Cza = -éa‘—z-
oC
Crg = Sé
Bcz
CZS = gg;
o, [a
o = (%%) = ( o 8f)°°:5t
Cy, (&Llaa)sf,at

oC
(?EE slope of pitching-moment curve at constant angle of attack
L/a,s
s0t%

<§g§> glope of pitching-moment curve at constant.flap deflection
5r,04

Subscripts:

b balance

e éffective

f flap

t tab

u uncorrected
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The subscripts outside the parentheses indicate the factors held
constant in determining the paremeter.

ACCURACY OF DATA

The accuracy of the experimental data depends upon the model
contours, deflection of flap under load, and accuracy of force-measuring
apparatus. The small hinge moments read when both angle of attack and -
flap deflection were zero indicate that inaccuracies in model contour
were negligible. As the flap was controlled remotely, 1t could be set
to any desired angle, and any deflection under load cquld be compensated
for by simply resetting the flap to the original angle, The flap-angle~
setting apparatus was completely separate from the strain-gage arm, and
no deflections of the gage arm or torque shaft were reglstered. The
accuracy of the—flap angles and angles of attack was within iO.lo. The
hinge ~~nents were measured by means of strain gages used in conjunction
with s ~ommercisl Wheatstone bridge control box. Frequent repeat runs
indicated that 1ift and hinge-moment coefficients could be duplicated
within 0,002 and #0.0002, respectivelys:

The Jjet~boundary corrections for the unswept models were supplied
by the Langley Laborstory and are as follows:

A, = 1,386C; - 0.208 ACr,,
ACy = =0,021Cy,

ACy, 0.0101Cy, -for 35-percent-cp overhang

£

AChf 0.0130C;, for plain flap

Ag few dsta could be obtained for the wall corrections on the swept
models, the correctiuns applied are similar ‘to those for the unswept
model. They are as follows: ! -

fe = 1.10CT, - 0.20 ACy,,

ACL = —O. 018CL

AChf 0.0090Cy, for 35-percent-cp overhang

A0y, = 0.0110C;, for plain flap

i

i

I
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Weke and solid blocking corrections (reference 1) have been applied
to all data.

APPARATUS, MODELS, AND TESTS

All tests were conducted in the 9-foot wind tunnel of the Georgia
Institute of Technology. This tunnel is a single-return type having s
closed, circular test section 12 feet long. TFor panel testing a flal
floor is installed which gives a jet height of approximately 8 feet.

Speed changes are accomplished by means of a controllable-pitch propeller.
The tunnel turbulence factor is 1.7T.

Each model was mounted on a 50-inch-diameter plywood disk as shown
in figure 1. This disk had less than l/h-inch clearance between it and
the tunnel floor. Model-plan-form dimensions are shown in figures 2
and 3. Following conventional practice, laminated mahogany was used to
construct the models., The unswept flap models (actually the tail is
swept 13.5° at C/4) were equipped with 30-percent-chord flaps and a
20-percent-Fflap-chord plain tab of 50-percent-flap span. The flap nose
gap was constant at 0.005c except on the sealed flap where the gap was
zero., The tab used on the sealed flap had a gap of 0.00lc. In order
to obtain complete sesling for the internal balance, external hinges
were employed. The effect of these external hinges was determined by
mesns of dummies, and all data have been corrected for this effect.

The nose overhangs tested are shown in figure k,

The swept models were obtained by sweeping the quarter-chord axis
40° but maintaining the true airfoil parallel to the free stream.
Development of the airfoil in a plane perpendicular to the hinge axis
gshowed 1t to have a thickness ratio of 10.3 percent. Because of the
fact that the swept models were designed to have the same flap and
balance chord ratios in the free-stream plane as the unswept models
(i.e., cp = 0.30c, cp = 0.35ce), the values of cp and cp in the
plane normal to the hinge axis (i.e., the chord upon which the hinge
moment is based) were not the same as those for the unswept models,

The values of cp and c¢p are shown in figure 3 to be 0.35c?

and 0.319ce!, respectively. The prime indicates the airfoil chord

measured normal to the flap hinge axis. With the exception of the sealed
flap, the nose gap was 0.005c in the free-stream plane. The 20-percent-
flap-chord taeb was sealed by means of Scotch tape. The nose overhangs
tested are shown in figure 5.

The unswept models had a taper ratio of 0.4 and an aspect ratio
(including reflection) of 3.36. The swept models had a taper ratio
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of 0.4 and an aspect ratio.of 3.30. The airfoil sections tested were
es follows:

Unswept models
NACA 0009
NACA 0015

NACA 66-009
with true~contour and straight-
NACA 66(215)-014 contour flaps

Bwept models

NACA 0009 -
in plane parallel to
9-percent-thick circular _arc plane of symmetry

The airfoil ordinstes are given in table I, and the elliptic-overhang
and horn dimensions are given in tables II and TII, respectively.

The angle of attack and flap angle were both set by a remote-
control arrangement which ensbled the tunnel operator to detect any
change in deflection of the flap under load and to correct for this.

The model flaps generally were set at deflections from -6° to 21° in

30 increments, while the angle of attack was variled from zero to plus
stall in 2° increments, except in some cases where the angle of attack was
varied from minus stall to plus stall at zero flap deflection. On the
uswept models the plain tab was tested in conjunction with the sealed .
flap (except on the NACA 0009 and 66(215)-01k models which were tested
with the tab on the plain flap also) with the ratlio of tab to flap
deflection being -0.50. On the swept models the teb was tested wilth

the sealed flap only with ratios of tab to flap deflection of 1.0, 0.50,

-Oo 50, and "l' On

Lift and hinge moments were measured on.the unswept models, whereas
1ift, drag, pltching moment (about €/4), and hinge moment were obtained
for the swept models.

Tests on the models were made ata dynamic pressure of approximately
20.72 pounds per square foot which corresponds to an air velocity of
about 90 miles per hour at standard sea-level conditions., Effective
Reynolds numbers were 4,075,000 and 3,620,000 for the unswept and swept
models, respectively.
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DISCUSSION OF TEST RESULTS

Lift

A summary of the 1ift parameters CL and oy for the various

airfoils and flap configuretions, as determined from the lift curves
found in figures 6 to 38, 40 to 43, and 45 is given in table IV. These
values were taken from unpublished datse reports. In all cases the slope
of the 1lift curve was greatest for the internal balance (sealed-gap
condition). The NACA 66-009 airfoil model had slightly higher values

of CL@ than did the NACA 0009. These results are in qualitative

agreement with reference 2, which reports the same trends. With a
straight-contour flap (cusp removed) the lift-curve slopes of the
66-009 profile decreased slightly. The amount and shape of the balance
overhang had little effect on. CL@‘ This effect has been previously’

reported in reference 3. The slopes of the 9-percent-thick biconvex
profile were considerasbly lower than those of the sweptback NACA 0009
model, aend the lift curves were nonlinear. A comparison of the

NACA 0009 unswept model with the NACA 0009 swept back 40° showed that
the lift-curve slope decreased slightly with sweepback but not so much
as theory predicts. The effect of sweeping the models by the method
explained previously is to increase the thickness ratio slightly in a
plane normal to the sweep reference line which would in itself tend to
decrease CL@ somewhat, References 4 and 5 show that CL@ should

decrease with sweep which agrees qualitatively with the results herein.
It is believed that an unswept NACA 0010.3 airfoll model would have

1ift characteristics similar to those of an unswept 0009 model; there-
fore, the swept NACA 0009 (or actually a "swept" 0010.3) profile should
have a smaller slope than the unswept conflguration. The actual ,
measured slopes for the swept and unswept models were very nearly the
same; thus the swept model has 1ift characterlstics almost identical
with those of the unswept model. Therefore, an effort was made to
determine whether or not Reynolds number had any effect on the character-
istics of a sweptback panel. These data, presented in figure 46, are
unpublished results on &a 35° gweptback 9-percent-thick 6-series airfoil
having virtually the same geometric characteristics as those Qf the
models described herein. It appears that there 1s little Reynolds number
effect over the range of test velocities. Other unpublished data from
tests conducted at the Georgla Institute of Technology on a swept and

an unswept panel have indicated that at R % 3,500,000 the swept panel
had virtually the same  1ift characteristics as those of the unswept
panel. Since these models of NACA 0009-6L4 modified airfoil section

hed a taper ratio of 0.53, an aspect ratio of 4.6, and were of approxi-
mately the same size as the models described in this report, it appears

i m P
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that, within the Reynolds number range of the tests, the simplified
theoretical sweepback corrections would overestimate the effects of
sweep on the airfolls described in this report.

The NACA 66(215)-01k.airfoil model with a true-contour flap had a
lift-curve slope approximately the same as that of the NACA 0015 model,
but when the cusp was removed on the 66(215)-0l1k section the 1lift- curve
slope was reduced to values below that of the 0015 section., This
reduction in CLm due to increasing the trailing-edge angle (using a

straight-contour flap) on the 66(215)-01% airfoil model has been pre-
viously reported in reference 6. On the 6-series airfoil models both
the elliptic and sharp-nosed overhangs gave minimum values of Cr, «

o

Ag the slopes of the curves of the 6-series profiles agreed favorably
with those of the NACA 0009 and 0015 profiles when straight=contour
flaps were used, it—would appear that tralling-edge angle has more
effect than airfoil profile. As with the 9-percent=thick airfoils,
the amount and shape of balance overhang had little effect on CL@‘

The minimum value of lift-curve slope on the NACA 0009 and 0015
profiles was obtained with the elliptic overhang, which agrees with the
data presented in references 3 and 7.

The maximum value of the flap 1ift effectiveness ay for both the

swept and unswept NACA 0009 profiles was generally obtained with the
internal balance, with the plain nose yilelding the next largest values.
The elliptic and sharp-nosed overhangs generally gave values of ag

slightly less than those for the plain nose. As indicated by theory,
sweeping the NACA 0009 airfoil reduced the value of the lift—effective-
ness parameter. The biconvex profile (with 40° sweepback) gave con-
siderably lower values of ag ‘than those for the 0009 profile, although

the date are in good qualitative agreement. -The data of reference 8
indicete this decrease in effectiveness due to sweepback.

Figures 6 to 10, 36 to 38, 40 to 43, and 45 indicate that for the
tail surfaces with NACA 0009 (unswept) 0009 (swept back 40°), and
biconvex (swept back 40°) sections the comtrols retained 1ift effective-
ness throughout-the angle-of-attack range tested for all deflections
with but one exception, which was the sharp-nosed overhang on the unswept
0009 eirfoil model, The figures also show that the lift—effectiveness
was reduced gomewhat at the large flap deflections and at moderate and
high positive angles of attack. Thig result_is probably due to
separation phenomena. _
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With reference to the unswept models, the NACA 66-009 airfoil
model yielded the largest values of lift effectiveness; however,
increasing the trailing-edge angle on this airfoil reduced og. This

effect is also reported in references 6 and 9. In the case of the
NACA 66(215)-014 profile the true-contour flap with no aerodynamic
balance (plain flap) gave values of ds larger than those for the

NACA 0015 profile. This is not true for the other nose shapes &as
shown in table IV. With & straight-contour flap the absoclute value of
the lift effectiveness was reduced for all balance shapes.. Figures 11
to 35 show that for the tail surfaces with NACA 0015 and both NACA
6-series airfoll sections the controls retained lift effectiveness for
all flap deflections, although the flap was not so effective at the
higher deflections.

Compared on a thickness basis, the lift effectiveness for the
NACA 0009 and 66-009 profiles is slightly larger than that for the
NACA 0015 and 66(215)-01k profiles. It 1s also indicated that airfoil
shape has conslderable effect as evidenced by the difference in values
of for the NACA 66-009 (with a true-contour flap) and the NACA
0009 models, although the effect of tralling~edge angle cannot be
eliminated as the pressure distribution over the flap chenges with
increase in trailing-edge angle. The valueg of 1ift due to flap
deflection CL5 do not show so much variation since CLS is propor-

tional to both ay and Cr .
24

Hinge Moment

The curves of hinge-moment coefficient plotted agalnst angle of
attack for all models are shown in figures 6 to 38, 4O to 43, and 45.
A summary of the hinge-moment parameters Cha and Ch6 as determined

from these figures is glven in teble IV, Unfortunately only two
references (references 3 and 9) contained data on finlte-span control
gurfaces with which the data in table IV could be compared. Results
for a rectangular semispan NACA 0009 control surface of A = 3 are
reported in reference 3. The values presented herein are congiderably
lower than those of reference 3; however, differences in plan form and
aspect ratio may account in part for the discrepancy. Better agreement
ig obtained with the data of reference 9, which presents results for a
tapered-plan-form model. Only falr gquantitative agreement exists,
however, possibly because the Reynolds number of reference 9 was about
half that of the present tests.

On comparing the swept and unswept NACA 0009 surfaces, 1t is
apparent that the hingg¢-moment parameters Cp and Ch8 are
ot
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considerably more negative for the former. _Although the simplified
sweep theory predicts a reduction in the abgolute values of Cy
o

end Chs’ the dlscrepancy 1s attributed to the fact that the swept
model hed a 35-percent-flap chord (see fig. 3) and a 31.9-percent-cf

nose overhang measured in a plane perpendicular to_ the hinge axis.

These values are comparable to cg = 0.30c and. Cp = O.35c£_ on the

unswept model. Apparently this effect 1s enough to overcome -any
reductions in Cha and ‘Cha due to sweep and the increased trailing-

edge angle; consequently, the hinge-moment parameters are considerably
more negative for the sweptback 0009 surface., In the case of the swept
biconvex alrfoll all values of Chm and half of-the values of Ch8

were positive (see table IV). Here it is believed that the large
trailing-edge angle (23.5°) measured perpendicular to the hinge line is

responsible for the large balancing effect. . A graphical presentation .. .,;:.M

of* the measured parameters for the two swept models and the 0009 unswépt
model is given in figure 47, This figure reveals the good qualitative
agreement obtained for the various halance configurations.,

With referenceé to the unswept models it can be pointed out that
the hinge-moment parameter cha is congiderably more negative for the

9-percent-thick models than for the 1l5-percenmt-thick surfaces, except
in the case of the NACA 66(215)-014 profile with a true-contour flap
which gave values of Cha more negative than those for the NACA 0009

model or for the NACA 66-009 straight-contour model. The results in
table IV also show that the 66-009 airfoil model with a true-contour
flap yielded values of Cha which were more negative than those- for

the NACA 0009 profile. With a straight-contour flap ;(¢ increased
from T° to 13°) the 66-009 profile had values of—Vvery nearly the same
magnitude as those for the 0009 profile. Previous results for the

0009 section (reference 9) have shown that—increasing the trailing-edge
angle provides & balancing effect which reduces Cha. Reference 6

reports the same effect on the NACA 66(215)-01k4 profile, L

A comparison of the NACA 0015 and 66(215)-014 (with & true-contour
flep) profiles reveals that the former has more positive values of Cy .
(o}

Use of a straight-contour flap on the 66(215)-014 airfoil model reduced
the absolute value Of Cha,'again indicating the balancing effect of

increased trailing-edge angle. These results indicate that airfoil = .  _ __

profile apparently has small effect compared with the effect of trailing-
edge angle. . _ o ' :

hi.

i
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The elliptic and sharp-noged overhangs produced an unbalance on the
6-series airfoils with true-contour flaps, although both of these over-
hangs gave positive increments of Cy  on the NACA 0009 and 0015

. (04 .

profiles., The internal balance was, In general, the most effective on
the 6-series profiles. A comparison of measured increments of Ch@ for

all models (with internal baslance) with an empirically derived curve
(reference 10) is presented in figures 48 and 49. The data do not
correlate so well as might be expected from the data in reference 10.

The values of Ch6 for the NACA 66-009 and 66(215)-014 profiles

with true-contour flaps were more negative than those for the NACA 0009
and 0015 airfoil models. With a straight-contour flap on the 66(215)-01lk
profile, the values of Cha‘ were less negative than those for the 0009

and 0015 airfoil models employing straight flaps; however, the 66-009
profile with a straight-sided flap ylelded values of Ch8 more negative

than those for the 0009 and 0015 profiles. On the NACA 0009 and 0015
ailrfoil models the elliptic overhang proved most effective, whereas the
internal balance gave best results on the two 6-series profiles. The
use of a balancing (lagging) tab in conjunction with the internal
balance was the most effective balance configuration. Insofar as. Ch8

is concerned, the magnitude of the trailing-edge angle would appear to
have more effect than airfoil section, as the values for the 6-series
profiles compare favorably with those for the NACA 0009 and 0015
profiles when the trailing-edge angles are approximately the same.

If the surface is to be clogely balanced - that is, Ch8 approaches

zero - then Cha should be held as close to zero as possible, although

any device that reduces Chm and Ch6 the same amount should not be

used because the unbalanced values of Cha are usually less negative
than the unbelanced values of Chﬁ- If Cha is gufficiently large,
positively, and Ch5 is small, negatively, a steady oscillation could

be set up. An internal balance used with a balancing tab would
apparently be a satisfactory combination since Ch6 is reduced much

more than Cha' Small trailing-edge angles (such as those obtained on

the 6-series models) should be avoided, as the relatively large values
of Chm would tend to "heavy" the controls even though Ch6 could be

reduced by a balancing device.
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The swept 0009 model had values of Chs- more negative than those

for the unswept model, with the elliptic overhang being more effective
than the internal balance. This increase in Ch8 for the swept model

is most likely attributable to the increased flap chord (cf = 0.35c') in

a plane perpendicular to the flap hinge axis. The swept circular-arc
section had values of Ch6 which were considerably more positive than

those of either the swept or unswept-0009 profiles, This result was
probably due to the large trailling-edge angle.

In summerizing, the results presented herein indicate that the
elliptic nose overhang is as effective as the internal balance on the

0009 and 0015 profiles, whereas the internal balance proved most
effective on the 6-series profiles. The sharp-nosed overhang seems
undesirable, as 1t was less effectlve than the elliptic overhang, and
reference 11 Indicetes that the sharp nogse would cause larger increments
of drag., Comparigons of meagured incrementg_of Ch6 for the internsal

balance with empirically derived values are presented in figures 48

and 49. The measured values fall below the correlation curve (refer-
ence 10), indicating that the internal balarce was approximately one-
third as effectlive as it should be; although a slight out-of-contour
cover-plate effect may have occurred, this in itself does not appear

to be responsible. Reference 12 presents results which show that out-
of-contour cover plates or change in vent width can.seriously affect

the hinge-moment parameters; however, the date in figures 48 and 49

geem to be consistently grouped which would epparently eliminste the
out-of-contour plate effect: The only other cause for a decrease in
effectiveness would be seal leakage, but the model comstruction prevented
any serious leakage from occurring. As there were no breaks in the gseals
for hinges, leakage alone does not appear to be the cause.

From the balance-chamber pressure coefficients given in the original
wind-tunnel data for the swept models, the increment of hinge-moment- —
coefficientcontributed by the balance hes been calculated for the
internally balanced flap on the swept 0009 sirfoil model and compared
with measured values. This comparison is given in figures 48 and 49.

In order to calculate AChb, the methods and data of reference 13 are

employed using the relation:

Ay = 2 PR e (@ + mg) . (E-:
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where

PR resultant pressure coefficilent

Ebp root-mean-square chord of balance plate

mg ratio of moment contributed by flexible seal to moment
contributed by balance plate

t root-mean-gquare thickness of overhang measured at hinge line

The results obtained by this equation show good quantitative

" agreement with measured values as indicated in figures 48 and 49. Since
the values calculated from the pressure coefficients agree with the
meagsured values, it does not seem likely that the experimental data
would be in error. This still leaves considerable doubt as to why the
internal balance was not so effective as other test data (reference 10)
indicate. The only logical conclugion 1s that the decreased effective-
negs 1ls probably due to a combination of a small amount of leakage and
cover-plate misalinement, or perhaps to the seal configuration itself.

The effect of fixed transition was determined on the NACA 0009
sweptback model with plain flap by means of a 0.050-inch-dilameter wire
placed along the surface at 3 percent chord. The effect of fixed
transition, as also reported in reference 1k, was to reduce the value
of the parameters Chm and Ch6 by shifting the hinge-moment-

coefficient curves slightly. The effect was small, however, as it
caused Chm to be reduced by 0.0005 and Chﬁ’ by 0.001.

Effect of Horn Balance

The horn balances tested are gshown In figures 2 and 3. The
unshielded horn balance tested on the unswept models may be classified,
according to reference 15, as type A horms, which are those formed by
converting a spanwise portion of the fixed surface shead of the hinge
line into movable surface. On the sweptback models a shielded horn
(see fig. 3) was tested. Horn dimensions and balance coefficients are
given in table I1I., The positive Iincrements of hinge-moment slopes for
two sizes of unshielded horns (designated 1 and 2) have been compared
(table V) with the correlated data of reference 15. These increments
of Cha and Ch8 are gmalier then those predicted by means of the

correlation curve of reference 15. This result may have been due in
part to the rather smsll horn aspect ratios used.
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One size of shielded horn balance was Ttested on the NACA 0009 and -
biconvex sweptback models. As may be seen from the results in table V,
the shielded horn was lessg effectlve than the unshielded horns. This-
would be expected because the horn balance coefficient was much smaller.
It would appear that a shielded horn alone could-not be used to obtain
a closely balanced surface. R

Apparently the use of a horn balance would tend to increasse the
stick-free stability but at the same time would, during maneuvers, tend
to heavy the control forces due to the positive value of Cha without -

& comparable change in Ch&‘ A properly designed horn balance would S
keep Chd near zero but the negative values of Ché would most likely )

have to be reduced by the use of & balancing tab or other means.
Experimental results indicating this ePfect have been prev1ously given
in reference 16. -

Effect of Tab

A1l unswept surfaces were tested with a 0.20ce lagging (balancing) . _

tab used in conjunctlon with the internal balance, except for the $
NACA 0009 and 66(215)-014 (with a true-contour flap) profiles on which
the plain flap wad also tested with the tab. The plain tab was unsealed,
and the ratio.of tab to flap deflection &t/8¢ was -0.50. The use of

the lagging tab reduced the flap 1lift effectiveness but also reduced
Ch8 on the NACA 0009 profile to about 50 percent of the unbalanced

value for the plain flap. On the NACA 0015 profile, Cha was zero
and Ch8 had only a small negative value, indicating close balance.

On the 6-series airfoils with straight-contour flaps, the tab was not
s0 effective ag on the true-contour models. On the 66(215)-014 profile
with & true-contour flap (plain) the tab reduced Chy to about 75 per-

cent of the unbalanced value. The following increments of Ch8 were
obtained with the lagging tab: ’

Increment -

NACA 0009 ° e - .o : —_— -

Plain FLAD & « o o o o o o o o o o o o s i e e e e e e .. 00032 .

Internal Halance « « « o « o o o & v o 0 e e s s e e e . oe s L0023 T T
NACA 66-009 with internal balance T - ’

True-contour £18D v v v e & v v v 4 e 6 6.0 e e e b e 0 e s .0030

Straight-contour FI&D « v v+ + & 4 o & se s 0 0 0 e ... L0020 .
NACA 0015 with infernal balance . . + o ¢« & ¢ o« o ¢ v o o o« 0031 o
NACA 66(215)-014 with internal balance ' S ' -

True—-cotttour £180 « 4 « o o ¢ o o o o o o o ¢ s o o o s o o , 0029 ¥

Str&ight—contour flap . L] . . . . . . L] . . . . . . . . . . . OOO8
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The two swept models were tested with a sealed tab (Scotch tape
geal) using ratios of tab to flap deflection of 1.0, 0.50, -0.50,
end -1.0. The tab was used in conJunction with the internal belance
only. The results (teble IV) show that the tab was less effective on
the circuler-arc profile than on the swept NACA 0009 profile, as well
as on some -of the unswept airfoils. The tab also proved to be more
effective on the swept 0009 model than on the unswept, although this
‘regult was probably due to sealing of the teb and to the fact that in
a plane perpendicular to the flap hinge axis the tab chord was O.214cf.
The effect of tab deflection on hinge-moment coefficlents ls shown in
figures 39 and U4, The tab produced larger increments in Ch8 when

deflected in same direction as the flap (unbalancing or leading). The
following increments of Ch6 were measured:

Airfoil 8y /8¢ ACha

NACA 0009 1.0 -0,0072
S -.0032

-. . 0032

-1.0 . 0061

9-percent-thick 1.0 -.0062

clrcular arc

) -.0030

- . 0017

-1.0 . 0041

Drag

Dreg data were obtained for the sweptback models only. The plots
of drag coefficlent against angle of attack are given in figures 36
to 38, 40 to 43, and 45. It is doubtful whether the drag coefficients
can be considered sbsolute, but the incremental values should be
relatively independent of tunnel-wall effect and end-plate tare and .
interference.

The incremental values of drag coefficient for different serodynamic
balance configurations are plotted in figure 50. The differences in ACp
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for the plain flap, elliptic overhang, and internal balance are small
and in several instances are probably of the same order of magnitude

as the experimental. error. At o = 0° the .plain flsp on the NACA

C009 model produced the smallest 1ncrement§?bf drag, followed by the
internal balance and the elliptic overhang. The data for the biconvex
airfoil are somewhat scattered and, as before, the differences in ACy

for the various configurations are small compared with the total value
of ACp. At o = 0° the elliptic nose produced the smallest 1ncrements,

while at o = 6° the plain flap caused the least drag.

Pitching Moment

X, Xy
The values of the parameters o and o are
Lly,s Lse,04

presented in table IV. These parameters were determined from the plots
of pitching-moment—coefficient .C, found in figures 36 to 38, 40 to 43,
and 45. These values were obtalned for the sweptback airfolls only.
When the 1ift was varied by changing the angle of attack with the flap
at B = -0°, the aerodynamic center was approximately at 28 percent
chord for all flap configurstions on the NACA 0009 ailrfoil model and

at 25 percent chord on the biconvex profile. Actually, with plain flap
and horn baslance, the aerodynamic center moved back to the 29-percent-
chord line on the NACA 0009 profile.

The following table gilves the position of the aerodynemic center
of 1ift due to flap deflection:
Aerodynamic Center of Lift due to Flap Deflection

[in fractions of the choré]

Flap configuration _ NACA 0009 Circular arc
Plain : - 0.56 0.56
Plain with horn o o .53 .53
Plain with fixed transition .55 —_—
Elliptic overhang ST ST
Internal balance 46 .58
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PREDICTION OF FINITE-SPAN PARAMETERS FROM SECTION DATA

Finite-span parameters may be obtained by application of lifting- N
line or lifting-surface theoriles to section data. Both methods were . R
employed and compared with measured parameter values in order to. -
determine which method gives better agreement with experimental data.
These comparigons are presented in table IV, Lifting-line-theory
regults as set forth in reference 17 and lifting-surface-theory correc-
tions as given in reference 18 have been applied to section data obtained
from reference 10. Because of the lack of section data it was impossible
to calculgte the finite-span-parameter values for gll models and con-
figuretions, particularly in the case of the 6-series airfoils for which
few section data could be found.

The result of comparing the two theories indicates that the
lifting-surface theory generally gives better agreement with test data;
however, both methods will sometimes give errors that are not generally
tolerable for use in the design of a closely balanced surface. It is
noted that discrepancies appear in both cases, mostly in Cha; however,

slight variations in trailing-edge angle, turbulence, separation, and .
aspect ratio all have considerable effect on the various parameters.
Nonagreement may therefore be due to these variables.

The effects of sweepback are accounted for by applying sweep
corrections to elther 1lifting-line or lifting-surface results. Theory
provides a means of estimating the effects of sweep (reference 19) on
the lift-curve slope by use of the following relation:

c ) = Cﬁ ) cos A
L L
( /A % A=0

Although the above relationshilp gives good agreement with test data for _
infinite and high aspect ratios, 1t overestimates the effect of sweep
on low-aspect-ratio tail surfaces. Some unpublished data from tests -

(R ~ L x 107 ) conducted at the Georgia Institute of Technology on a
swept and an unswept panel have shown that the swept configuration had
a lift-curve slope only slightly smaller than that of the unswept N
configuration. The maximm 1ift coefficient was slightly higher for -
the swept configuration. As the data of reference 4 show excellent :
agreement with the cosine law, even for low aspect .ratio at low Reynolds
number (163,000 to 326,000), it would appear that there is some Reynolds
number effect which may affect results obtained by using the theoretical L
sweep corrections. The method of DeYoung. (reference 20) will give - Cy. -

S . . . o
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directly for various values of aspect ratio; taper ratio, and sweep,
the date belng presented in the form of charts.

Although it is implied that once the value of- Cy, is obtained
o

either from 1ifting-line or lifting-surface theory the sweep corrections
may be applied, the nature of the sweep correction is important. It
has already been indicated (reference 21) that the full cosine effect

is not realized at low aspect ratios; hence it appears that the use of
the square root of the cosine would give better results. The following
modification to the lifting-line theory gives results that correlate
well with test data:

cy
(CL ) = 0.95 [ —————] Vecosa
N 5T.3¢;

1+ A

For the NACA 0009 airfoil model with 40° sweep (plain flap) the above
relationship gives. CL@ = 0.0525. The method of DeYoung yields the

seme value. The measured value (table IV) is 0.052., A comparison of
measured values with those obtained by means of the above equation is
given in figure 51(a). The lift-curve slopes for the various test
conflguretions were taken from the data of references 5 and 22, The
uge of the simple cosine correction as used in table IV is not to be
recommended for small aspect ratiocs since it overestimates “the effect

of sweep. _

The simple sweep theory gives the following relations for the other
control-surface parameters:

OO

A =0
<Ch“)A = (Ch“)z\=o cos A
(ChS)A = (ChS)A=O,coseA

It would be expected that these corrections would also overestimate
the effects of sweep for low aspect ratios.. The results in table IV
were obtained by applying the foregolng corrections to paremeter values
calculated for an umswept surface by lifting-line or lifting-surface
theory. The method of reference 21 corrects for sweep by modifying the
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lifting-line theory to account for the sweep of the hinge line,
Induced-camber effects are also consldered, although this is a lifting-
surface correction which is included in any results obtained by means
of the lifting-surface method. It would appear that the method of
reference 21 would give better agreement of estimated and test values
then the simple corrections used in this report; therefore, it is to be
recommended even though 1t, too, is subject to the limitations of both
lifting-line and lifting-surface theories.

Although the flap 1lift effectiveness parameter CL8 may be obtained
if CL@ and ay are known, it may be estimated by the method of refer-

ence 8. This method applies to controls starting at the tip and will
not strictly apply to controls beginning at the root. The wvalue of CL8

obtained by the method of reference 8 is 0.0194 as compared with measured
values of 0.0218 and 0.017 for the NACA 0009 and circular-arc airfoil
models with plain flaps. The data of reference 8 were obtalned from
wings swept by rotating the wing about the intersection of the 50-percent-
chord line with the plane of gymmetry. A graphical comparison of this
method with experimental data obtained from lifting-surface theory using
the cos2 correction is presented in Pigure 51(b).

In computing finite-span parameters for the swept NACA 0009 airfoil
model from sectlon data, it was assumed that the NACA 0010,3 airfoil
model normel to the hinge axis would have characteristics almost identical
with those of the 0009 airfoil model. Thus 0009 section data were cor-
rected for the increased flap chord, decreased overhang, and Ilncreased
trailing-edge angle in the plane normal to the hinge axis.

CONCLUSIONS i

The results of tests of tall models having NACA 0009, 66-009, 0015,
and 66(215)-01L profiles and various unswept trailing-edge flap con-
figurations and of tail models having NACA 0009 end 9-percent-thick
circular-arc profiles with 40° sweepback at the quarter chord and ,
trailing-edge flap configurations swept back 30.7° at the hinge line L
indicate the following conclugions: .

1. The glope of the 1lift curve CLm ig little affected by airfoil

gsection but does vary with thickness as indicated by theory. Sweeping
the airfoil back reduces the lift-curve slope, but the decrease due to
sweep 1s not so much as that given by theory for low aspect ratlos. The
amount and shape of the balance overhang haed little effect on CL@’

although the internal balance generally resulted in the highest values
of CLa: whereas the elliptic overhang generally gave the lowest values.

The effect of increasing the trailing-edge angle is to decrease CLm'
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2, For a given thickness ratio, it is indicated that airfoil
profile has considergble effect on the flap lift effectiveness as. In
general, the internal balance gave the largegt values of flap 1lift
effectiveness, with the plain nose ylelding the next largest values.
The elliptic and sharp-nosed overhangs generglly gave values of ag

slightly less than those for the plain nose. Increasing the trailing-

edge angle on the NACA 66-009 and 66(215)-014 profiles reduced o - for. .

all balance configurations.

-

3. For a given thickness ratio the hinge-moment coefficient Cha

ig not greatly affected by alrfoil section when compared with changes
in trailing-edge angle. TIn all cases where the trailing-edge angle was
increased, the absolute value of;_Cha' was reduced considerably, thus

indicating that-trailing-edge angle has a much greater effect than
airfoil profile., The effect of sweep (obtasined by shearing the airfoil
back) on the NACA 0009 airfoil was to increase the absolute values

of Cha’ although theory predicts a reduction in 'Cha' The elliptic

and sharp-nosed overhangs produced an umbalance on the 6-series profiles
with true-contour flaps, although both of thege overhangs gave positive
increments of Gha on the NACA 0009 and 0015 airfoil models. The

Internal balance was, in general, the most effective on the 6-series

profiles. o _ pl

L. Insofar as the hinge-momentcoefficient _'Ch8 is concerned, the

magnitude of the trailing-edge angle would appear to have more effect
than airfoil section, as the values for the 6-series profiles compare
favorably with those of the NACA 0009 and 0015 profiles when the
trailing-edge angles are approximately the game. The elliptic overhang
was most effective on the 0009 and 0015 profiles, whereas the internal
balance proved most effective on the 6-gerieg airfoils, The sharp-nosed
overhang seems undesirgble because of 1ts smaller effectiveness. The

swept 0009 profile had values of ChS more riegdtive than those for the -

unswept model, with the elliptic overhang again belng more effective
than the internal balance. The swept circular-arc airfoil model yielded
values of Ch8 congliderably less negative than those for the 0009 model

probably because of.the large trailing~edge angle.

5. The plain tab tested on the unswept models ylelded about the same

increment of Ch8 on the NACA 0009 and 0015.profiles With,the internal

balance., Although the lagging tab reduced the flép lift'effectiveness,
1t reduced 'Ch6 to about 50 percent—of the unbalanced value for the

plain flap on the NACA 0009 model. On the 6-geries airfoils, the tab
was not so effective on the straight-sided flaps as on. the true-contour
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flaps. On the NACA 66(215)-0lk airfoil model with a plain true-contour
flap, the tab reduced Ch& to about T5 percent of the unbalanced value.

On the swept profiles the tab was less effective on the circular-arc

section than on the swept NACA 0009 profile, as well as on some of the

unswept profiles. For the same value of the ratio of tab to flap deflec-

tion, the tab.was more effective on the swept NACA 0009 model then on the
unswept model, although this result was probably due to ‘sealing of the

tab and to the fact that the tab chord was 0.21k of the flap chord in C e
the plane normal to the hinge axis.

6. The results of comparing lifting-line- and lifting-surface- S
theory results indicate that the lifting-surface method generally gives —
better agreement with test data; however, both methods will sometimes
give errors that are not generally tolerable for use in design of a
closely balanced surface,

Georgis Institute of Technology
Atlanta, Ga., August 2, 1949
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TABLE IIT.- DATA FOR HORK BATANCES

Horn | a4yfoil section g;iﬁ Eiiﬁ H°§§o§§an ii:ﬁ Fliﬁoggan B
number (1n.) | (8q in.)| (in.) | (sq iu.) (in.)
1 NACA 0009 4,36 | 60.16 13.6 517. b 10.17 | 0.388
1 |mcaoons hooh | 65.92 13.4 518.k 10.12 | .ok
2 NACA 0009 6.36 89.28 1h.25 517. % 10,17 Lhak
2 NACA 0015 €.9% | 96.00 13.95 518. 4 10.12 4596
a NACA 66;009 k.36 | 58.10 13.85 516 - 10.05 .392
1 NACA 66(215)-01% 4,84 63.10 13.82 517.17 10.10 508
82 NACA 66-009 | 6.36 | 88.0 1h. 26 516 10.05. g2
2 NACA 66(215)-01k 6.84 93.0 14,22 517.17 10.10 .503
Pis | Swept NACA 0009 .46 | 33.40 T.25 4340 9.15 o
bla | Swept clrcular arc| h.46 | 32.88 7.25 43k4.0 9.15 .24k
8Horns are same for stralght-contour flaps on both 6-series airfoils, —NAGA~

bshielded horn used on swept models.
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PANLE IV.- MEASUPED AND FEEDICTED EARSHETSR VALES
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Literal, s qg| .50 .0h8 - -.3 oM |t | mctde] L OOST -.000B
Tokeral ., ey |—- o8 - o170 L0037 009
Ioteenml s.pg 1.0 |cu- o8 -0 ggo 0037 .0eF
Eern — .okgz -3 . . -.0005 | ¢ .28k

m&s-om(Wm).um.t-s.sﬁsht-t'_ﬁfi)-;;.f,p-'r" o
Platy e | O [S- 095 |61 520D, 09 |0, 00737 |-0T00 36 fo. 030|605 |00y |-0.620 [-0.Gk |0, 0.G332" | 0.03 | 0,033 |~0-Cohas|-0.009% |-0.0035 |-0.0aimilo.0008°|~0. 0000
Elliptiq 0. o |— l— 057 - 032 -, 003 -.0088
Eharp 3|0 e 056 =580 0385 -.003; ~.00B8
Internal = |lo |e— .038 -. 60k 078 «. 0022 - 0068
Trrbernal 35 | =50 [.o58 -333 |3 ~-00€3 -.0032
men, 1 L2 o |— 5T - ‘o3 ‘omz 10059
Horn 2 e |0 | — 57 -. 61k 03 0060 -.00h3

“Percent chord meswcred parpandicilar %0 hings line.
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BARLR IV.- MSASURED AND PREDICTED FARAMEYSR FALURS - Conalpded

S

"Ml ﬂ:::mu'm Bection paramatars ¥inite-span paramstsrs
fry % iy g, O,
Balsmon shupafopforBefie] “1g | % | “ly [ by | hg =
[Lifting] Lift: Lifting|Lift Lifting{Lifting Laftd Lifting Lifeing |Lifting
1ine lnm-f::aa‘“‘““m 1:L!i-::IB -m-:hL:E Msasurnd mmi surfaoe |Weasured ]J.n:u murface M"""‘-"d-l 1line purface |Measored
EAGA 66-006 (wtrmight-omtour flxp) airfoll; A = 3. 36 A(_a.t ©/h) = 13,5% # = 13°
Plain N B D 0,056 ~0,571 0,032 ] i —— -u.ﬁ
Eliptic 0,35 0 | am—e| ~0%h N 025 ~.0002 -
Sharp -~ 1 - [ .. -. 560 L0305 = 0003 -.%
Iotermal S R 0565 ~. 601 034 -.0003 -
Intarnal I ) p— - 056 -7 032 -.0006 ~,0018
Horn 1 e | O ] e .0%6 Y 032 0095 ~, 005
FACA OOL5 edrfedl; A = 3.36; At &/%) = 13.%°%; § = AT°
I
Flain =i 0 |0.087]-0.48 {0.0%0 |-0,00078}-0,00610|c,0mk |0.0%2 | 0.0%45 |-0,560 |~0.%80 |~0.5% . |o.0236 |0.025 | 0,030 |-0.0000% |.-£,00008| p -0, 005T5(~0,005 | -0,0048
Flliptic 0,35] © 0801 -.b5 | 036 | -.00062] -.00313| ,ORTE | 085 0533 | -3 | -. -. 561 LOP15 | o006 +030 L000138| ~.00064( ,0006 | -,00309 00249 -,mﬁ
Shwzp - - P .. -.538 .030 000k -
Internal I 10— 055 -8 .032 0 -, 0037
Trternal 35| = 80| —— O -.58 L0208 ] . 0006
Hewm L 0 [ OB - oS 030 0084 -,0019
WA 66(21%5)-01k (troe-contour flap) eirfoll; A = 3.36; A(et E/K) = 13.%% g = T.5°
Plain —| 0 |0.09% <0.%00{ 0.0%85] <0.0088 |-0.0148 |0.0970 [0.0%k | 0,093% [-0.59 |-0.615 |=0.387 |o0.0%k (0.033 | 0.0315 |~0,00457 |-0,000561~0,0082 | -0,00£3 (-0,0016 [-0.0110
Elliptic 0,33 0 [eeemmd .093 ~.510 .0R7 ~.003h +. 0004
Bparp 3B O [ 053 -.337 1029 ~, 00lL ~, 0112
Taternal 35 0 |emmm K.l -.55 089 -, Q0P8 -, 0068
Joternal -1 R < p—— 056 -537 090 -, 00RE -.0031
Horn 1 ———) O ——— O e +030 . 00! - 0076
Horn 2 ———| 0 ——— 205k - .031 -00 ~.00k0
Plain [ ] — 0935 -.635 <03 ., 0026 -, 0062
MACA 66(215)=01h (strmightecomtour flap) airfoil; A = 3.35; pAlab E/h) = 13,59 f = 19,9°
Plain —| 0 |0.08%~0,%30 0.045 | © ~0.00%9 {0.0058 | 0.0508 | 0.0%15 |~0.4%0 |~0.750 |~0.h95 |0.020% 0,028 | 0.025 | 0 0.0010%| 0,001 |-0.00%% |-~0.00%0 [-0.0010
Flliptia 0,35 0 |w—e] .0%05 -6 .08 L0013 -.0022
Sharp K N .0% —-E .03 0008 - 0087
Internel 3l o | 0% - 0273 0013 -.0012
Tnternal 35| = 200w 0% «. M3 008 0613 ~. 000k
Horn L —_— o |— Nl -8 :Es JC ") R, [——
Horn 2 —l 0 ] .05 - W57 . - 0097 | e | e —| .00
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TARLE V.- CORREIATION OF HORN DATA ™

Horn Horn Measured Aécj;ed Measured Pre%cted
Airfoil . coefficient by AR hg
configuration B pg (reference 15)[". 0 |(veference 15)
NACA 0009 a 0.388 0.0055 0. 0065 0.0028 0.0055
NACA 00Q9 .2 . 184 ".0l10 Loll . 0059 L0075
NACA 66-009 1 .39 .ook8 . 0065 .0031 ©. 0055
(true-contour flap) 2 Ligo .0096 . ~.0115 .0057 .0075
NACA 66-009 1 .392 .0036 . 0065 . 001k . 0055
(straight-contour flap) ' - ' '
MACA. 0015 1 -TollE . 0054 .0QT0 . 0028 . 0060
NACA 66(215)- 01h 1 . .48 00T 0070 . 0034 . 0060
(true-contour flap) 2 .50 .0086 1.b12 ~.doTo ' 0018
NACA 66(215)-01h 1 Ao .00L5 . 0066 . 0019 0050
(straight-contour flap) 2 .50. . 0087 .012 .0030 00T8
NACA 0009, Shielded? .2kl .0008 ———- 001k | ememee
40° gweepback .
Circular arc, - Shi